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2. REVIEW OF THE LITERATURE
2.1. FIBROMYALGIA (FM) AND WIDESPREAD PAIN (WSP)
2.1.1. DEFINITIONS
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2.1.2. EPIDEMIOLOGY: PREVALENCE, INCIDENCE, AND CO-MORBIDITY
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2.2. AETIOLOGY: AETIOPATHOGENIC THEORIES  
AND FINDINGS 
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2.2.2. CHANGES IN THE NERVOUS SYSTEM 




Modiﬁed from Bushnell et al., 2013 with permission of the Nature Publishing Group.
Activated by noxious stimuli most commonly: primary (S1) and secondary (S2) somatosensory 
cortex, anterior cingulated cortex (ACC), insula, prefrontal cortex (PFC), thalamus, and 
cerebellum and also activated: amygdala (AMY).
Modulatory system (both inhibitory and excitatory effect): periaqueductal grey (PAG) in the 
midbrain, rostroventral medulla (RVM) and locus coeruleus in the brain stem.











???????????????? ???????????????????????????????? ?????? ???????? ?????? ???????????
???????? ?????????????????????????????????????? ????????????? ??????? ??? ???????
??? ?????????????????????? ?????????????????????? ?????????? ?????? ???????????????
????????????????????????????? ?????????????????????????et al????????????????????
??????????? ?????????? ?????? ???? ?????? ???????? ????? ???? ??????? ??????? ???????
????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????et al??????????
????? ????????? ???? ????? ????????????? ????????????????? ???? ?????????? ????
?????????????????????????????????????????????????????????????????????????????
???????????? ???? ????? ??????????? ??? ???????????? ????? ???????????? ???? ??????
????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????? ? ??????????????????????? ????????????????
????? ????????????????????????????????????????et al?????????? ???????????????????????
?????????????????????????????????????????????????????????????????????????????











??????????????? ??????????? ????????????????? ???? ???? ?????????? ???? ??????????
?????????????????????????????????????????
???????????????????????????? ??????????????????????????? ?????????????????
????????????????????????????????????? ?????? ??????????????????????????????????? ????





























??? ????????????????????????????????? ?????????? ??????????? ??????????????????????




????????? ????????????????? ?????????? ?????????? ???? ?????????????????????????????????
????????????????????????????????????????????????????????????????????????????????????
2.2.2.2. CHANGES IN THE PERIPHERAL NERVOUS SYSTEM
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2.2.3. PSYCHOSOCIAL FACTORS 
???? ?????????????????????????????? ??????? ???????????????????????????? ??? ??????
????????????????????????????????????? ??????????????? ??? ???????? ??????????????????
(Drapeau et al??????????????????????????????????????????????????????????????????
???? ??????? ??? ??? ???????????? ??????? ????????? ??????? ??????? ???? ????????
????????????? ???????? ??? ???? ?????????????? ?????????? ????????? ????? ??????????
??????????????????????????????????????????????????????????????????????????????
?????????????????? ?? ????????????????et al????????? ??????et al????????? ?????????
et al???????????????????et al???????????????et al??????????????????????????????????
22
??? ????????????????????????
???????? ????????? ????????? ???????? ????? ??? ???????????????? ????? ????? ?? ?????
???????????????????????????????????????????????????????????????????????????????????
??????????? ????? ?? ??????????? ?????????????????? ????? ???????????????????? ???
???? ?????????????????????????????????????????????????????????
???????????????????????? ?????????? ???????????? ??????????? ??????? ??????????
??? ???????? ?? ??????? ??? ????????? ?????????? ??? ??? ?????????? ??????????? ???
????? ???????? ??????? ?????????? ??? ????? ??????? ???? ?????????????? ???????????
????? ????? ??? ????? ????????????????????????et al??? ??????? ?????????? ?? ??????????
????????????? ??????????????????????????????????????????????????et al?????????????
?????????????????????????????????????????????????????????????????????????????
???????????? ???????????? ???????????????????????? ??????? ??????????????????????????















???????? ????? ???????????????????????????? ????????????????? ??? ???????????????
????? ???????????? ?????????????????? ????? ?? ??? ??????????????? ??????? ??????
???? ??????????????? ??????? ?????????? ?????? ????? ??????? ?????? ??? ??????????
???????????????????? ?? ?????????????????????????????????????????????? ?????????????














???????????? ??????? ?????? ?????????????? ???? ???????????????????????? ?????????
??????? ?????????? ???????????? ???? ??????? ???????????? ????? ??????????????????????
????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????? ?
??????????????????????????????? ???????????????? ???????????????? ?????????????????
?????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????et al?????????? ???????????? ??????????????
????????????????????? ?????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????
????? ??????????????????????????? ?????????????????? ?????? ??????????????????? ????????
??????????????????????????????????? ??????????????et al????????? ?????et al???????????
????????? ?????? ??????????? ??????? ??????? ????????? ??? ??????? ???????????????
?????????????????????????????????????????????????????????????????????????????????????





???? ?????????? ??? ???? ?????????? ???????????? ?????????????????????????? ?????????
?????????????????????????????????????????????????????????????????????????????????
?????????????????????? ??????? ??????????????????????????????????????????????????









?????????????????? ? ???????? ????????????????? ??????? ??? ????????? ?????????????
??????????? ???? ?????? ???????? ?????????? ?????? ??????? ????? ??? ????????? ??? ???
???????????????? ???????????? ????????????? ?????????????? ????????? ???????????????







2.2.4. NEUROENDOCRINOLOGICAL CHANGES 
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2.2.5. HERITABILITY AND GENETIC FACTORS 
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2.3. SUGGESTED RISK FACTORS FOR FIBROMYALGIA  
AND WIDESPREAD PAIN
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Table 1. Population-based studies assessing risk factors for (new-onset) widespread pain  
 or ﬁbromyalgi




time of  
follow-up
study variables outcome risk factors,
increasing (+) or 






sample of  217 
women from a local 
female population 
(2 498), aged 20-49,
214 responders




















sample (every 18th) 
of 
3 928 subjects from 
a local population 
(70 704),
aged 20-74,
















WSP age > 59, multiple 
pain sites, family 






et al.,  
2008
local cohort of 
school children aged 
10-12,
1 756 participants 
(83% of the age 





1 and 4 years
headache, 







WSP age > 11 years, 
female gender, 
feeling down, 
regional pain in neck, 
upper/lower back (+)
Mork  
et al.,  
2010
local population 
survey (HUNT 1-2), 
sample of 
24 357 women 
aged ?20 years,
sample at risk:  
12 350
questionnaire 












et al.,  
2012
local population 
survey (HUNT 2-3), 
aged ?20 ,
26 197 completed 
replies of 41 766 
subjects,



























survey (HUNT 1-2), 
sample of 24 357 
women aged ?20,
sample at risk: 12 
350
questionnaire 















et al.,  
2014
local cohort 19 818 
subjects aged > 50,
13 986 participants 
(71%), 













variables as in  
“risk factors”
WSP age, baseline pain 
status, physical 
health-related quality 




a) Chronic widespread musculoskeletal complaints: “pain and/or stiffness in muscles and joints for at 
least 3 months during the past year”
BMI= body mass index
FM= ﬁbromyalgia, reporting physician´s diagnosis
HUNT = Helseundersøkelsen I Nord-Trøndelag (Nord-Trøndelag Health Study)
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3. AIMS OF THE STUDY
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4. MATERIALS AND METHODS
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4.2. THE FINNISH TWIN COHORT
4.2.1. QUESTIONNAIRE SURVEYS OF THE OLDER FINNISH TWIN COHORT
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4.3.1. MEASURES OF FIBROMYALGIA SYMPTOMS IN THE TWIN SURVEYS,  
AMONG CLINICAL PATIENTS, AND IN THIS STUDY
?????????? ?????????????????????????????????????????????? ????????????????????? ??????




????????? ??????????????? ??????????? ???????????????????? ?????????????? ?????
????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????






?????????? ???????????????????????? ?????????????????????????? ?????????????????
















4.3.2. OTHER COVARIATES ASSESSED IN 1975, 1981, AND 1990
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Risk factors for ﬁbromyalgia  










Table 2 Putative risk factors for ﬁbromyalgia symptoms used in analyses and confounding 
 variables
Variable Assessing question and reply alternatives
age birth date
gender male/ female, self-report




“In the recent few years, have you had pain that has impaired your  
working capacity in your back, shoulders, or neck?”   
yes, no (separately for each region)
sleep “Do you usually sleep well?”
“well”, “fairly well”, “fairly badly”, “poorly”, and “cannot answer” 
BMI (kg/m2) calculated from reported height and weight
physical activity “Which alternative best describes your year-round leisure-time  
physical activity?”
 “I rarely exercise in my leisure time at all”,  “a bit”,  “fairly”,   
“fairly much”, and  “much”
exercise 
frequency
“How many times a month have you lately been exercising in your 
leisure time?”
“less than once”, “1-2 times”,  “3-5 times”,  “6-10 times”, “11-19 times”,  
and “more than 20 times a month”
smoking Several questions concerning lifetime and current smoking habits,
allowing classiﬁcation into four classes: “never”, “occasionally”, “former”,  
and “current”
migraine “Has a physician ever said that you have or have had a…”
 “migraine” (as one of the alternatives)
headache “Do you have headaches?”
“daily or almost daily”, “many times a week”, “ about once in a week”,  
“ about once a month”, “many times a year (but not every month)”,  
“once  a year or less” and “practically never”
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4.3.4. OUTCOME VARIABLES FOR WORK ABILITY AND MORTALITY
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4.4. DATA ANALYSES AND STATISTICAL METHODS 
4.4.1. PREVALENCE ANALYSES OF FIBROMYALGIA-LIKE SYMPTOMATOLOGY 
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4.4.2. QUANTITATIVE GENETIC MODELLING
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4.4.3. ANALYSES OF OTHER RISK FACTORS  
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cohort at risk  





5.1. PREVALENCE OF FIBROMYALGIA-LIKE  
SYMPTOMATOLOGY (STUDY I)
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Table 3. Point prevalence (as percentage of individuals with a positive report) of reported  
 symptoms and lifestyle factors and reported diseases (diagnosed by a physician) in  
 1990 across the latent symptom classes of twins and among the clinical FM patients,  
 based on data collected in 1990-1992














Number of subjects 2 850 3 078 1 431 1 920 582 747 49
Mean age 42.8 41.6 44.4 43.8 47.0 43.1 48.7
Morning stiffness 0.0 0.0 13.7 11.6 83.3 83.8 100.0
Evening stiffness 0.0 0.0 2.0 1.4 58.4 53.0 67.0
Neck pain & stiffness 3.4 5.6 14.0 24.3 60.0 68.5 85.7
Tender points 1.1 1.9 8.5 18.4 53.3 62.1 97.9
Numbness 2.0 2.0 11.4 12.9 59.5 51.8 85.7
Daytime tiredness 5.5 7.4 14.0 19.7 45.7 49.9 85.7
Duration m.s. <2 h a 0.0 0.0 56.7 51.4 84.9 89.3 83.7
Duration m.s. ?2 h b 0.0 0.0 0.5 0.2 14.6 10.0 16.3
A.p.e. c 0.0 0.0 33.5 45.0 59.5 66.5 97.9
Night awakenings d 4.4 5.8 7.7 9.9 18.8 18.5 57.1
Depression mild e 5.7 9.5 12.0 17.3 21.0 24.4 69.4
Depression
(moderate/severe) e
1.5 2.4 3.4 6.3 11.3 14.3 30.6
Abdominal pain 1.5 2.0 4.9 6.0 15.9 16.9 51.0
Flatulence 11.9 10.4 21.1 19.9 35.4 39.7 65.3
Diarrhoea 0.9 0.9 3.0 2.0 6.2 5.3 22.4
Osteoarthritis 2.5 1.9 9.3 10.2 27.1 33.6 59.2
Rheumatoid arthritis 0.5 0.7 2.1 2.6 9.8 10.2 10.2
Sciatica 10.8 8.8 21.5 19.5 40.3 37.7 48.9 f
Migraine 7.5 17.6 8.4 24.6 14.4 32.3 49.0
Never smoker 38.3 58.3 32.5 55.9 27.7 60.4 n.a.
Occasional smoker 4.4 3.0 4.1 2.4 2.1 2.9 n.a.
Former smoker 27.1 18.2 33.0 18.5 31.6 14.8 n.a.
Current smoker 30.3 20.5 30.5 23.2 38.6 21.9 n.a.
Binge drinking 43.8 11.6 45.0 13.6 49.8 12.6 n.a.
BMI (mean, SD) 25.0±3.0 23.2±3.5 25.6±3.3 24.3±4.1 26.0±3.4 25.4±4.5 n.a.
Minimum frequency set at three times per week for morning stiffness, evening stiffness, neck 
pain and stiffness, occurrence of tender points, daytime tiredness, abdominal pain, ﬂatulence, and 
diarrhoea. Osteoarthritis, rheumatoid arthritis, sciatica, and migraine assessed by the question: 
“Has a physician ever said that you have or have had a…”.
a duration of morning stiffness less than 2 hours
b duration of morning stiffness at least 2 hours
c atmospheric-pressure effect
d at least three times per night
e depression assessed with the Finnish version of the Beck Depression Inventory, with the 
classiﬁcation: 0-9 points none or minimal depression, 10-16 points mild depression, at least 17 
points moderate to severe depression (Varjonen et al 1997) 
f number of individuals only 47
50
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5.3. OTHER RISK FACTORS FOR FIBROMYALGIA (STUDY II)
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Table 4. Baseline characteristics of the 8 343 subjects in 1975 and 1981 across the  
 ﬁbromyalgia-associated symptom classes based on latent class analysis
















































































































































































at most 2 times
3-10 times
































































































LC1 = latent class 1 with few or no symptoms,  
LC2 = latent class 2 with some symptoms,  
LC3 = latent class 3 with a high frequency of FM-associated symptoms in 1990
??? ???? ?????????? ????????? ????????? ???? ???? ???? ???????? ???? ???? ??????????
????? ???????? ??????? ????????????? ?????????? ?????????????? ????? ????? ????? ?????






Table 5. Risk factors from 1975 and 1981 for ﬁbromyalgia-associated symptoms in 1990: 
 multivariable analyses.

















age (years) 1.02 (1.01-1.03) 1.06 (1.05-1.07) 8 343 1.02 (1.01-1.03) 1.06(1.05-1.08) 8 343
gender(female/male) 1.34 (1.20-1.50) 1.41 (1.17-1.70) 8 343 1.08 (0.94-1.23) 1.16 (0.89-1.49) 8 343
back pain (yes/no) 1.56 (1.38-1.76) 2.26 (1.88- 2.72) 8 149 1.73 (1.47-2.04) 2.99 (2.31-3.88) 7 281
shoulder pain (yes/no) 1.42 (1.14-1.77) 1.84 (1.36-2.49) 8 146 1.77 (1.41-2.21) 1.75 (1.23-2.48) 6 636
































0.56 (0.25-1.25) 7 913











































































The reference category for the outcome is LC1, i.e. those with no or very few ﬁbromyalgia-like 
symptoms (see Study I). Odds ratios (OR) and 95% conﬁdence intervals (CI) are provided for LC2 
(with some ﬁbromyalgia-like symptoms) and LC3 (with many ﬁbromyalgia-like symptoms), based 
on latent class (LC) analyses. Risk factors are assessed from 1975 and 1981 with the exception of 
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Table 6.  Risk factors for ﬁbromyalgia-associated symptoms in 1990 in the sub-sample with regional 
 pain data from both 1975 and 1981 (5 894 individuals): odds ratios (OR) and 95% 
 conﬁdence intervals (CI) for classiﬁcation in LC3
Univariate analyses a) Multivariable analyses
OR (95% CI)  
for LC3
OR (95% CI)  
for LC3 
1975 variable data


















both 1975 and 1981











shoulder pain (yes/no) 
both 1975 and 1981 












both 1975 and 1981 











The reference category for the outcome is LC1, i.e. those with no or very few ﬁbromyalgia-like 
symptoms (Study I)). Odds ratios and 95% conﬁdence intervals are provided for LC3 (with many 
ﬁbromyalgia-like symptoms), based on latent class (LC) analyses. Risk factors are assessed from 
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Table 7. Pairwise analyses of odds ratios for classiﬁcation into latent class 3 (LC3) in 1990 with FM 
 associated symptoms in twin pairs discordant for this classiﬁcation (LC3 vs. LC1)
Odds ratios for classiﬁcation in LC3 by zygosity
(with 95% conﬁdence intervals)
Risk factor All discordant twin 
pairs
Dizygotic twin pairs Monozygotic twin 
pairs
OR (95% CI) N OR (95% CI) N OR (95% CI) N
back pain (yes/no) 2.7 (1.4-5.2) 117 2.3 (1.1-4.6) 86 5.0 (0.6-42.8) 23
shoulder pain (yes/no) 3.1 (1.3-7.4) 91 8.0 (1.8-34.8) 64 1.0 (0.3-3.5) 23
neck pain (yes/no) 4.0 (1.5-10.7) 92 5.0 (1.4-17.3) 64 2.0 (0.4-10.9) 24





























headache (yes/no) 2.1 (1.0-4.1) 132 2.2 (1.0-4.9) 97 2.5 (0.5-12.9) 27
LC1 is latent class 1 with no or very few ﬁbromyalgia-like symptoms, LC3 is latent class 3 with 
many ﬁbromyalgia-like symptoms, based on latent class (LC) analysis. All the variable data are 
from the year 1981.
a The number of individuals in this category was too small for an adequate analysis.
5.4. IMPACT ON ABILITY TO WORK (STUDY III)
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Table 8. Risk for disability retirement for all causes and for musculoskeletal disorders in the three 








Individuals (N=8448) 4 952 2 653 843
Disability retirement
adjusted for age and gender 1.00 1.66 (1.41-1.95) 4.08 (3.35-4.83)
multivariate model 1.00 1.59 (2.98-4.35) 3.60 (2.98-4.35)
multivariate model including BDI 1.00 1.47 (1.24-1.74) 2.93 (2.39-3.59)
Disability retirement for
musculoskeletal disorders
adjusted for age and gender 1.00 1.97 (1.47-2.64) 6.38 (4.75-8.55)
multivariate model 1.00 1.89 (4.25-7.79) 5.76 (4.25-7.79)
multivariate model including BDI 1.00 1.82 (1.35-2.47) 5.00 (3.62-6.91)
LC1 = latent class 1 with few or no symptoms,  
LC2 = latent class 2 with some symptoms,  
LC3 = latent class 3 with a high frequency of FM-associated symptoms in 1990 
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6.2. RESULTS IN RELATION TO PREVIOUS STUDIES
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6.2.3. OTHER RISK FACTORS
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6.3. LIMITATIONS AND STRENGTHS OF THE STUDY
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Figure 3. Hypothesis of development of ﬁbromyalgia
ANS = autonomic nervous system
HPA axis = hypothalamic-pituitary-adrenal axis
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